We present a quantitative description of J/ψ suppression in proton-nucleus and nucleus-nucleus collisions at CERN energies. We use a conventional hadronic framework based on nuclear absorption plus final state interaction of the J/ψ with co-moving hadrons.
Charmonium suppression due to Debye screening in a deconfined medium was proposed in 1986 by Matsui and Satz [1] and found experimentally by the NA38 Collaboration [2] . However, it was claimed very soon [3, 4, 5] that this phenomenon, which is also present in pA collisions, could be due to the absorption of the pre-resonant cc pair in the colliding nuclei. It is nowadays known [6, 7] that the data on pA and on AB collisions with a light projectile can indeed be described by nuclear absorption with an absorptive cross-section σ abs = 7.3 ± 0.6 mb.
Recently the NA50 Collaboration has found an anomalous J/ψ suppression in P bP b collisions, i.e. a suppression which is substantially stronger than the one obtained from nuclear absorption with the above value of σ abs [7, 8] . Two different interpretations of this anomalous suppression have been proposed in the literature. One is a conventional hadronic interpretation in which there is an extra J/ψ suppression due to final state interaction of the resonant J/ψ state with co-moving hadrons [9, 10, 11] . The other interpretation [12, 13, 14] assumes that when the local hadronic energy density is larger than some critical value (taken to be around the one reached in a central SU collision), there is a discontinuity in the J/ψ survival probability. (See also [15] for ideas based on percolation of strings.)
In a recent article [6] Kharzeev, Lourenço, Nardi and Satz have claimed that a quantitative analysis of the data allows to conclude that the co-mover model cannot describe the data, whereas a quark-gluon plasma interpretation describes them well. In the present work we re-examine this point by reanalysing all available data (including the consolidated data of Ref. [8] ) in the conventional hadronic scenario mentioned above.
Nuclear absorption: We describe it in the probabilistic model of Ref. [4] . Let us consider first proton-nucleus collisions. In this model, the pre-resonant cc pair is produced at some point z inside the nucleus and scatters with nucleons on its path at z ′ > z, with an absorptive cross-section σ abs . This produces a change in the A dependence of the J/ψ inclusive cross-section. For nucleus-nucleus collisions this change, at impact parameter b and transverse position s, is given [4] by
Here T A and T B are the nuclear profile functions, determined from a standard SaxonWoods density, and σ abs is the absorptive cross-section. In the following we take σ abs = 7.3 ± 0.6 mb which gives the best fit to the pA data [6] . Note that S abs = 1 for σ abs = 0.
Expression (1) has the meaning of a survival probability of the J/ψ due to nuclear absorption.
Since we are aiming at a quantitative analysis it should be emphasized that the probabilistic formula, with its longitudinal ordering in z, can only be true in the low energy limit. Therefore it is important to evaluate the uncertainty resulting from using this formula at √ s ∼ 20 GeV. In a recent paper [16] the equivalent of Eq. (1) has been derived in a field theoretical approach. The obtained formula is valid at all energies and coincides exactly with (1) in the low energy limit. It is amazing that the differences between the results obtained with this exact formula and the ones obtained from Eq. (1) are less than 1 %.
Absorption by co-moving hadrons: The survival probability of the J/ψ due to absorption with co-moving hadrons is given by (see [6, 9, 10] and references therein)
Here N co y (b, s) is the density of hadrons per unit transverse area d 2 s and per unit rapidity at impact parameter b. N f is the density at freeze-out that we take to be universal and c is a constant which can depend on the produced heavy system (the results for J/ψ depend only on the ratio N f /c). The argument of the log is the interaction time of the J/ψ with co-moving hadrons [17] . σ co is the co-mover cross-section properly averaged over the momenta of the colliding particles (the relative velocity of the latter is included in its definition). We treat σ co as a free parameter [18] . All species of hadrons are included in The inclusive cross-section for J/ψ production in nuclear collisions is then given by
where
From Eqs. (3) and (4) we see that for Drell-Yan pair production (σ abs = σ co = 0),
In the dual parton model (DPM), N co y (b, s) is given by [21, 22 ]
Here m is given by Eq. (4) and m A , m B are the well known geometric factors [22, 23] 
′ i are obtained in DPM by convoluting momentum distribution functions and fragmentation functions [21] . Their values (per unit rapidity) for the rapidity window and energies of the NA38 and NA50 experiments are given in Table 1 .
The rapidity density of hadrons is given by
The obtained densities of negative hadrons at y * = 0 for pp, SS and P bP b are compared in Table 2 to available data [24] .
To determine the E T dependence we need the E T − b correlation, i.e.
the E T distribution at each impact parameter. It can be computed in DPM [25] , but here we use the simpler approach of Refs. [6, 26] , which leads to practically identical results. In the following we take the distribution P (E T , b) of Ref. [6] with the values of the parameters used there. The E T -dependence of the ratio J/ψ over Drell-Yan is then
given by The results for J/ψ suppression versus AB are presented in Fig. 1 . We see that nuclear absorption alone does not describe the P bP b data. However, both Sets II and III give a very satisfactory description. By comparing the results of Sets I and III, which use the same value of σ abs , we see that the effect of co-movers is much smaller in SU than in P bP b.
We turn next to the E T dependence. Using Eq. (8) we compute the ratio R(E T ) for SU and P bP b in the five E T intervals of the NA38 and NA50 experiments. In order to exhibit all the results in the same figure we plot the ratio R versus L. This variable is a measure of the centrality of the collision. The average value of L in each rapidity bin is given in the experimental papers [8] . Therefore, no further calculation is needed. The results for Sets I, II and III are given in Fig. 2 . Set I gives a χ 2 /dof = 26.6 indicating that nuclear absorption alone fails very badly. Set III gives a χ 2 /dof = 2.5; with only pA and SU data, we obtain a χ 2 /dof = 1.4 for this Set. So, without the P bP b data it is not possible to decide whether co-movers are present or not. What prevents the value of χ 2 /dof to be smaller than 2 is the peculiar L or E T shape of the P bP b data which cannot be reproduced in our simple approach. With Set II the χ 2 /dof = 2.1 with only pA and SU data, and 3.4 when the P bP b data are included [27] .
A quantitative study of ψ ′ suppression is in progress. However, the analysis of Refs. [6, 9, 10] shows that a reasonable description of the data is possible in the co-mover framework [29] .
In conclusion, with σ abs = 7.3 ± 0.6 mb determined from pA data and two free parameters, σ co and N f /c, we have achieved a quantitative description of J/ψ suppression in nuclear collisions. 
